2) 14CO2 in expired air from rats treated with antibiotics. When [U-14C] -4'GL or [U-14C]lactose was orally administered to conventional rats, 14CO2 in expired air from [U-14C]4'GL was delayed for about 5 h compared to that of [U-14C] lactose. This result suggests that 4'GL was not absorbed from the upper gastrointestinal tract and had reached the lower gut, where the intestinal micro organisms fermented 4'GL to smaller molecules or 14CO2, which was then absorbed from the large intestine. The metabolism of 4'GL was therefore studied using rats given antibiotics, which decreases the number of intestinal microorganisms. Figure 2 shows the time course of 14CO2 appearance in exhaled gas from rats treated with antibiotics after [U-14C]4'GL or [U-14C] lactose administration over the 24h collection period. When [U-14C]4'GL was orally administered to anti biotics-treated rats, there was a 2h delay in 14CO2 excretion, as compared to conventional rats. The amount of 14CO2 in expired air within 24h in antibiotics rats was 25% lower than that in conventional rats.
When [U-14C] lactose was administered to rats given antibiotics, however , there was no significant difference in 14CO2 excretion between rats treated with antibiotics and conventional rats.
3) 14CO2 in expired air from germ-free rats. Rats treated with antibiotics excreted little 14CO2 from [U-14C]4'GL, as compared with conventional rats. The reduced ability of the antibiotics rats to metabolize 4'GL indicates that the intestinal microorganisms are essential for the metabolism of 4'GL by the rat. In the next experiment, therefore the metabolism of 4'GL was investigated using germ-free rats. Figure 3 shows the radiorespirometric pattern of the germ-free rats after oral administration of [U-14C]4'GL or [U-14C] lactose under conventional conditions . Germ-free rats given [U-14C]4'GL expired little 14C02 in the first 4h after the administration. About 18% of radioactivity was recovered within 24h. The metabolism of [U-14C]lactose, however, followed the same pattern as with con ventional rats.
These observations suggest that 4'GL is metabolized by intestinal microor ganisms in the gastrointestinal tract, although the process of 14CO2 excretion from [U-14C]4'GL are unknown.
Absorption and excretion of [U-14C]4'GL
The recovery of radioactivity following oral administration of [U-14C]4'GL to conventional rats and germ-free rats is shown in Table 2 . When [U-14C]4'GL was administered to conventional rats, the radioactivity in the contents of the gastro intestinal tract, feces, and urine during the 24h period were 8.7, 4.1, and 4.8% of the ingested radioactivity, respectively. These value were higher than that of [U-14C] lactose-administered rats. The amount of radioactivity in the liver, serum, and carcass, however, were lower than that of [U-14C] lactose.
In germ-free rats, when [U-14C]4'GL was orally administered to rats , the radioactivity remaining in the gastrointestinal tract contents was 58.3%. This value was much higher than that in [U-14C] lactose administered rats. The amount of radioactivity in the liver and carcass, by contrast, were about half the value for [U-14C]lactose.
Excretion of 4'GL in feces
The feces of the five conventional rats raised on a 5% 4'GL diet for 2 weeks were collected. 4'GL in the feces were analyzed using HPLC . 4'GL was not detected from feces of the 4'GL-fed rats.
DISCUSSION
Regarding the use of digestible saccharides in vivo , such as glucose or fructose, the metabolic mechanism in the human and the rat has been elucidated by using 14C -labeled compounds (7-9). Meanwhile, regarding indigestible saccharides such as cellulose, those degraded by intestinal microorganisms and the production of short chain fatty acid as metabolites, have been studied using [14C]cellulose (10 , 11). oligosaccharide was calculated at 1.5 kcal/g . 4'GL is an indigestible saccharide that is hardly decomposed by digestive enzymes (4). Also in this study, ingested 4'GL was not found from feces in rats . We therefore feel that almost 100% of the ingested 4'GL was fermented in the large intestine by intestinal microorganisms. When 4'GL is utilized by intestinal mi croorganisms, organic acids are generated (2) , so there is a possibility that gener ated organic acids may be absorbed in the large intestine and utilized as energy .
Wolin and Miller (18) reported the ratio of the amount of sugar by fermen tation of human intestinal microorganisms and the amount of the product as in the following formula: 
